The flocculation mechanism of a flocculent yeast, Hansenula anomala J 224, isolated from a waste water treatment tank of a Japanese sake brewing factory, was investigated by comparing some characteristics with strain J224-1 (a nonflocculent mutant of strain J224). The cell titration curves showed that strain J224 was different from strain J224-1 in charge distribution on the cell surface. The cell wall of strain J224 was more abundant in Mg2+, Ca2+, Na+, NH4+, and total phosphorus contents but had less fatty acids than that of strain J224-1. The cell walls of both strains had almost the same amino acid composition. Acylation of strain J224 with acetic anhydride caused deflocculation. By treatment with proteinase K, an additional protein of 37 K dalton (37 K-protein) whose molecular mass was analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, was released in the supernatant from strain J224 cells. The 37K-protein was purified by cation-exchange high-
performance liquid chromatography. The amino acid composition of this protein was different from that of the cell wall. Flocculation of strain J224 was promoted by the addition of 37 K-protein.
We discussed the involvement of ionic interaction between 37 K-protein and phosphate and hydrophobic interaction between 37 K-proteins on the cell surface of adjacent cells in the flocculation of strain J224.
For waste water treatments, we have developed yeasts to assimilate raw starch effectively and maintain cell number in a waste water treatment tank under inefficient nutritional conditions, and isolated a flocculent yeast, Hansenula anomala J224, from a waste water treatment tank of a Japanese sake brewing factory. We reported the ability of this strain to removewaste loads in various waste waters, its flocculent characteristics, and the merits of using this strain previously.1'2) For the mechanism of flocculation of yeasts, there are many studies on brewer's yeast (Saccharomyces cerevisiae) and genes encoded the floc-forming ability have also been studied.3) It was generally recognized that flocculation was a specific cell adhesion, with proteinaceous, lectin-like molecules bound to amannan carbohydrates of adjoining cells and that bivalent metal ions, in particular Ca2+, were very important in this mechanism.4~6) Unlike brewer's yeasts, strain J224 does not 1425 need bivalent metal ions for flocculation. The floc-forming ability of strain J224 is not inhibited by the addition of various sugars (mannose, glucose, a-methyl-mannoside etc.) and is only eliminated irreversibly by treatment with limited kinds of proteolytic enzymes, pronase E or proteinase K. The comparison of characteristics between flocculent and nonflocculent cells is an useful tool to elucidate the mechanism of flocculation. Then we obtained a nonflocculent mutant, J224-1 , from the flocculent strain J224.2) In addition, pronase E or proteinase K-treated strain J224 was reduced in hydrophobicity to the level of strain J224-1 with elimination of the floc-forming ability.2) In this paper, we compared the cell wall components between flocculent strain J224 and the nonflocculent mutant J224-1 and reported isolation of a 37K dalton protein (37 K-protein) participated in flocculation of strain J224. Measurement of flocculation and co-flocculation. The degree of flocculation of yeast was estimated as follows. The yeast cells (25 mg dry weight) were suspended in 10ml of0.01 macetate buffer (pH 5.0) and followed by shaking about 50rpm for 30min on a reciprocal shaker at room temperature. After centrifugation at 300 rpm for 5 min, the supernatant wastaken out and the dispersed yeast cells were measured by the absorbance at 600nm (OD660 (S)). This value expressed the degree of flocculation. Wealso defined the flocculation rate as follows: Anion, cation, andphosphorus analysis of cell walls. The hydrolyzed sample used for amino acid analysis was also used for anion, cation, and phosphorus analysis with a Dionex QIC analyzer (Dionex, Sunnyvale, Calif.).
Titration of cells. Intact and proteinase K-treated yeast cells were washed over 4 times with distilled water and were suspended in 10ml of distilled water (72.5mg dry weight of cells/ml). They were titrated with 0.1 n HC1 or 1n NaOH.
Fatty acid analysis of cell walls. Fatty acids of cell walls were extracted and methylated by the methanolysis method.9) Fatty acid methyl esters were analyzed with a Shimadzu Model GC-9A gas chromatograph (Shimadzu, Kyoto, Japan) equipped with a flame ionization detector.
A flexible fused silica column (PEG 20m, 0.25mm x 50m) was used and the carrier gas was nitrogen. Analyses were done at 200°C and fatty acids were identified from their relative retention time comparing with those of authentic standards. For the measurements of fatty acids, a known amount of heptadecanoic acid methyl ester was added as the internal standard.
Acylation of yeast cells with acetic anhydride. The yeast cells (2.5mg dry weight) were suspended in 3ml of 1m
NaHCO3and with stirring, 0.1 ml of acetic anhydride was intermittently added dropwise for periods up to 1 hr at 0°C.
The stirring was continued for another hour.
Isolation of 37K-protein. Yeast cells were hydrolysed with one-two thousandth weight ofproteinase K in 50 mM collidine buffer (pH 8) at 37°C for 3hr. After centrifugation, the supernatant was filtered with a 0.45-/im membrane filter to remove cells or cell debris. The filtrate was heated at 70°C for 5min to inactivate proteinase K (Under these conditions, strain J224 almost dispersed but re-flocculated reversibly on cooling to room temperature.), lyophilized, and dissolved in a small volume of distilled water. The solution was put on a cation-exchange highperformance liquid chromatograph (HPLC) (Gilson, Villiers-le-Bel, France) with a TSK-gel SP5PW column (2.15 x 15cm) (Tosoh, Tokyo, Japan). The material put on was eluted with 20mMacetate buffer (pH 5) for 30min after injection at a flow rate of 3ml/min followed by elution with a linear sodium sulfate gradient from 0 to 0.3m in the same buffer for 90min. The eluate was monitored for protein by the absorbance at 280nm with a spectrophotometer. The elution profile was analyzed by SDS-polyacrylamide gel electrophoresis and 37 K-protein fractions were pooled for amino acid composition analysis with an amino acid analyzer. Protein was measured by a Bio-Rad protein assay kit (Bio-Rad, Richmond, Calif.) with bovine serum albumin as a standard.
SDS-polyacrylamide gel electrophoresis.
Proteins eluted from HPLCwere electrophoresed on a 10-20% gradient of SDS polyacrylamide gel as described by Laemmli10) with standards of known molecular weight (phosphorylase b 94000, albumin 67000, ovalbumin 43000, carbonic anhydrase 30000, trypsin inhibitor 20100, and a-lactalbumin 14400). The gel was stained with 2 D-Silver Stain "DPC" (Daiichi Pure Chemicals, Tokyo Japan).
Chemicals. Proteinase K and pronase E (protease type XIV) were purchased from Merck, Darmstadt, F. R. strain J224 and mutant J224-1 are shown in Table I . For cationic minerals, the cell wall of strain J224 was more abundant in Mg2+, Ca2+, Na+ and NH4+ ions than that of strain J224-1. The cell wall of strain J224 was also abundant in total phosphorus that was not extracted with CHC13. This suggests that strain J224 has more ionic materials in the cell wall than strain J224-1. Fatty acid composition of cell walls Table II shows Amino acid composition of cell walls Aminoacid compositions of the cell walls of strain J224 and J224-1 are shown in Table III . Like the fatty acid compositions, amino acid compositions of both strains were almost the same except for NH3,about 2.2 times more of which was contained in strain J224 than that in mutant J224-1. Table IV , acylation of strain J224 with acetic anhydride caused deflocculation. were released by treatment with proteinase K. They were precipitated with 10% trichloroacetic acid and electrophoresed on SDSpolyacrylamide gel. The proteins from strain J224 had one clear band in the 37,000 molecular weight region which was absent in those from mutant J224-1 (Fig. 3, lanes 3, 4) . After its purification by cation-exchange HPLCde- tion could be promoted or could be inhibited. As shown in Table V , 37K-protein promoted the degree of the flocculation of strain J224.
Effects ofacylation of yeast cells onflocculation As shown in

Aminoacid composition of37 K-protein
The amino acid composition of 37 K-protein is presented in Table VI . It is seen that unlike the amino acid composition of the cell wall (Table III) They also pointed out that brewer's yeasts easily changed from a dispersed phase to a flocculent phase or vice versa according to the physiological or environmental conditions. On the contary, H. anomala J224 had constitutively a floe-forming ability without Ca2 + at a wide range of pH from 2.8 to 10.5 regardless of its growth phase.1} Flocculation was dispersed by vigorous shaking with a vortex mixer but readily re-flocculated in a few minutes upon gentle shaking on a reciprocal shaker. Their cell-to-cell interactions were selfflocculation between the same strains but not any co-flocculation with different strains, species (data not shown), or even the nonflocculent mutant J224-1 (Fig. 1) .
The mineral composition of the cell walls indicated that the flocculent strain J224 had high contents of cations (Mg2+, Ca2+, Na+ and NH4+ ions) and phosphorus (Table I) . The flocculation of strain J224 was not inhibited by the addition of EDTA but was depressed by high concentrations of salt, for example, in solutions containing more than 100mMCaCl2.2) These results support a hypothesis that the salt bridge of Ca2+ is not important but certain ionic interactions, phosphate groups of phosphomannanor carboxyl and amino groups of cell wall proteins on cell surface, participate in the flocculation of strain J224.
The relationship between flocculation and hydrophobicity was very interesting because flocculent strain J224 was also reduced in hydrophobicity by treatment with proteinase K with the elimination of the Hoc-forming ability.
This phenomenon suggests that some hydrophobic materials participate in flocculation.
In the case of film strains of Saccharomyces, Torulopsis, and Candida, the change from a non-film to a film stage was due to a change in the cells from hydrophilic to hydrophobic with increase in fatty acid contents and besides, in the case of H. anomala, the hydrophobic characteristic was partially due to fatty acid content, that was, H. anomala had a hydrophobic factor other than the fatty acid.8) From the results of Table II , it is concluded that the hydrophobicity of strain J224 did not depend on the fatty acid contents and it is assumedthat someproteins on the cell wall would act as the hydrophobic substances. The flocculent-specific protein was isolated from the supernatant of proteinase K-treated strain J224. The flocculation of strain J224 was promoted by the addition of this protein (Table V) . The molecular mass of this protein was about 37K dalton on SDS-polyacrylamide gel electrophoresis.
Proteinase K cleaves preferentially at amino acids with hydrophobic side chains and shows a rather wide specificity for synthetic peptides but it cleaves native proteins in a highly specific manner because of a conformational feature of native protein.1546) We thought that this was the reason why 37K-protein was a main product from strain J224 by this enzyme treatment. The amino acid components of 37Kprotein were abundant in Asx, Thr, Phe, and Tyr. Holmberg17) also isolated a 13K dalton peptide present in the alkaline extract from a were necessary for the floe-forming activity but Kamadaet al.i4) reported that the modification of amino groups increased that activity. Our experiments showed that amino and hydroxyl residues of the cell wall of strain J224 were important for flocculation (Table  IV) . This seems to be related to the amino acid composition of 37K-protein containing high amounts ofAsx, Tyr, Thr, and NH4+and to support the participation of an ionic interaction between cell wall protein and phosphorus of cell walls for flocculation. The radar chart of amino acid compositions of 37 K-protein and J224 cell wall is displayed in Fig. V . The amino acid composition (mol%) is normalized by the mean value and the standard deviation (SD) obtained from the data of 356 proteins.21} The scale of the axis, representing the contents of individual amino acids, is graduated from -3 SD to 3 SD. The amino acid composition of strain J224 cell wall is similar to the average amino acid composition of 356 proteins and forms a sphere. On the contrary, that of 37K-protein has an elongated shape at Asx, Thr, Phe, and Tyr.
By the way, crude proteins released from strain J224 by proteinase K were about 10 times as much as those from strain J224-1.
This result raises an another question, whether 37 K-protein would be masked by phosphomannan or would not exist in the cell wall of the nonflocculent strain J224-1. It requires further genetic and immunological investigations to locate the 37 K-protein.
In conclusion, we are assured that 37Kprotein is important in the mutual recognition and intercellular interactions involved in flocculation of strain J224, such as self-aggregation between 37 K-proteins, and ionic interaction between 37K-protein and the phosphorus fraction of the cell wall.
